Mg2 -ATP-dependent HW-translocation has been studied in membrane vesicles derived from the roots of Gossypium hirsutum L. var. Acala San Jose 2. Establishment of a positive membrane potential was followed by measuring SCN-accumulation; establishment of ApH across the vesicle membranes by measuring quinacrine fluorescence quenching. High specificity for ATP was shown, and HW-translocation was oligomycin stable. The pH profile for HW-translocation showed an optimum at 5.5. The relationship between SCN-accumulation and ATP concentration was approximately Michaelian; the apparent K,, was 0.7 millimolar. K-2-(Nmorpholino)ethanesulfonic acid strongly promoted ATP-dependent SCNuptake (up to 180% stimulation). The effect was not given by Na-Mes. Carbonyl cyanide p-trifluoromethoxyphenylhydrazone totally inhibited SCN-accumulation, both in the presence and absence of K-2(N-morpholino)ethanesulfonic acid. Vanadate at 200 micromolar inhibited SCNuptake by about 10 to 40% in the absence of K', but more strongly in its presence (about 60%). N03-at 100 millimolar inhibited initial rate of quinacrine quenching by about 25%. The N03-insensitive fraction was activated by K'; and inhibited by 200 micromolar vanadate to about 40%, provided K' was present. Saline conditions during the growth of the plants had no appreciable effect on the observed characteristics of H'-translocation.
We have previously reported on proton-translocating ATPase activity in membrane vesicles isolated from the roots of the halophyte Atriplex nummularia (3) . For purposes of comparison we have studied in parallel vesicles obtained from the glycophyte Gossypium hirsutum L. which, while far more sensitive to NaCl than the halophyte, is nevertheless ranked among crop plants which can withstand mild saline stress. Since we observed that saline conditions during the growth of the plant had marked effects on the properties of the proton translocating ATPase in the halophyte, we have examined the influence of growth conditions in the case of cotton as well. The NaCl concentration chosen in this case was 75 mm, a concentration which does not produce any deleterious effect on growth.
During the course of this study it has been observed that KMes promotes electrogenic H+ transfer to an unusually high degree in membrane vesicles prepared from roots of this plant. ' Five d after germination in vermiculite the seedlings were transferred to aerated half-Hoagland and Snyder solution (5) with or without the addition of 75 mM NaCl, and placed in a light room (quantum flux density 300 uE. m2 s-', photoperiod 14 h light, 250C). Roots were removed from 2-week-old plants, rinsed 3 times in ice-cold deionized H20 or in 150 mm sucrose solution in the case of salt-grown roots to avoid osmotic shock (1). They were then ground in an ice-cold mortar with 4 volumes of homogenization medium containing 0 Protein was determined in the membrane fractions by the method of Bradford (2) . tained from Boehringer, Mannheim, West Germany, and was passed through a Tris-Dowex 50 column to obtain Tris-ATP.
RESULTS
Determination of AO and ApH in Membrane Vesicles. Evidence for the presence of an electrogenic proton-transferring ATPase in membrane vesicles prepared from cotton roots is supplied by the following observations: (a) provided that ATP is present, the vesicles accumulate SCN-indicating the build-up of a transmembrane potential difference, inside positive (Fig. 1) ; (b) the build-up of a positive potential is also indicated by measurements of oxonol VI fluorescence quenching (not shown); (c) after the addition of BTP-C1 to collapse At', the establishment of a pH gradient across the vesicle membranes can be observed by following quenching of quinacrine fluorescence (Fig. 2) ; and (d) addition of the proton conductor FCCP2 dissipates the ATP-dependent SCN-accumulation (Table I) .
The proton-pumping ATPase is stable to oligomycin (Table I for SCN-accumulation by cotton vesicles (Fig. 4) indicated an approximation to Michaelis-Menten kinetics (sometimes showing substrate inhibition at high ATP concentrations). By contrast the kinetics for uptake by Atriplex were non-Michaelian, particularly in the case of non-salt-grown plants (3) . The apparent Km calculated from the double reciprocal plot (Fig. 5) for non-saltgrown cotton plants was approximately 0.6 mm. Again in strong contrast to the results for Atriplex, growing the plants in saline medium had no marked effect either on the shape of the curve or on the apparent Kmn, which was estimated from Figure 5 as approximately 0.7 for salt-grown plants.
Sensitivity to Vanadate and Nitrate. Vanadate sensitivity, regarded as a criterion for plasmalemma ATPase activity, was variable in our experiments. The percentage inhibition brought about by 200 AM vanadate ranged from 10 to 40% (Tables IV   and V) .
Partial inhibition by 100 mm N03 was detectable by observing quinacrine fluorescence quenching after supply of BTP-CI. Figure 7 was 180%, 53%, and 173%, respectively. NaMes did not produce an effect in this concentration range; neither did BTP-Mes (Table III) .
A finding of interest was that vanadate sensitivity was higher in the presence of K+ (Tables IV and V) . For instance, in the experiments shown in Table IV , the inhibition of SCN-accumulation by 200 AM vanadate ranged from 40 to 60% in the presence of 20 mm K-Mes, as compared with 10 to 36% in its absence. K-Mes stimulated quinacrine fluorescence quenching and increased its sensitivity to vanadate. Addition of 20 mm KMes stimulated the nitrate-stable quinacrine quenching by 26%; subsequent addition of vanadate inhibited the rate of quenching by 40% (Table V) .
Addition of FCCP in the presence of K+ completely dissipated the transmembrane electric potential (Table IV) . (Fig. 4) suggests that the carrier protein exists in fully active form and is not in need of ligand activation (7) . Evidence discussed below leads to the conclusion that at least 2 translocating ATPases, tonoplast and plasmalemma, are present. The goodness of fit to Michaelian kinetics therefore suggests that the Km for tonoplast transport must be close to that for plasmalemma transport.
The pH optimum observed (pH 5. than that reported for the other plant species so far investigated (12).
An interesting feature of the cotton vesicles is the high degree of activation produced by adding K-Mes. Up to 180% stimulation of SCN-accumulation was observed (Fig. 7) . The possibility that K+ penetration of the vesicle membranes was producing a K+ diffusion potential can be discounted, since no effect of addition of K+ was observed in the absence of ATP (Fig. 6) (Tables IV and V) . The K+ stimulation, and the sensitization by K+ to vanadate inhibition, suggest that plasmalemma vesicles were present in the preparation. The NO3-sensitivity observed (Table V) indicates the presence of tonoplast vesicles as well ( 12). The fact that K+ enhanced the sensitivity to vanadate may be partly attributable to an effect on dephosphorylation of the ATPase, as has been suggested for other systems (8) . It may also have been partly due to the fact that in the presence of K+ plasmalemma activity was contributing a larger fraction of the total activity observed.
Though K+ stimulation of H+-transport of the magnitude observed here has not been reported in the literature, stimulation of ATPase activity has frequently been noted and is regarded as a characteristic of plasmalemma ATPase activity (4). In most cases K+ was applied together with a permeating anion, and the stimulation will therefore at least partially have been due to dissipation of the zA in sealed vesicles. The basis of the K+ effect on Mg2+-ATPase activity still awaits clarification.
It has been suggested (9) that stimulation by K+ might be a nonspecific salt effect on enzyme conformation. In the present investigation, however, stimulation was observed for K-Mes, but promotion by Na-Mes in this concentration range was, if present at all, very slight. Various explanations might be suggested for a specific effect of K+. K+ might be a specific ligand activating the H+-translocating ATPase; or it might itself be translocated con- 
